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USING THE (RARE EARTHHRON-BORON MAGNETIC ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain high residual magnetic flux density and high coercive force by 
specifying the composition of elements and the constitution of alloy structure, respectively. 
SOLUTION: This alloy has a composition represented by the formula, RxFe100-x-y-z-wCOyMzBw [where 
R is one or more kinds among five rare earth elements such as Nd, M is one or more kinds among 14 
elements such as Ti, and 5<x<10, 0<y<9.0, 0.1<z<5, 2<w<7, 9<(x+w), and 5<(y+z) are satisfied]. Moreover, 
this alloy has an alloy structure in which soft magnetic crystalline phases, containing solid solution of CtfFe, 
bccFe, and the above M, and hard magnetic crystalline phases, composed of Nb2Fe14B1 type tetragonal 
system crystal, are precipitated in soft magnetic amorphous phases, respectively. Further, by regulating the 
area ratios of these amorphous phases and crystalline phases to respectively prescribed values, residual 
magnetic flux density as high as >10kG and coercive force as high as >3.5kOe can be obtained, and, as a 
result the alloy, having high maximum energy product and excellent in rust- preventing property, can be 
obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Formula Rx Fe100-x-y-z~w Coy Mz Bw (however, R) A kind of rare earth elements chosen from 
Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen from Ti, V, Cr, Zr, Nb, Mo, 
Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w respectively — an atomic ratio — 
5<= x <=10, 1.0<=y<=9.0, 0.1<=z<=5, and 2<=w<=7 — and It has a presentation expressed. 9<= (x+w) and 5 - 

- < (y+z) — alphaFe, bccFe and these, a soft magnetism crystal phase containing the solid solution with 
the above M, and Nd2 Fe 14B1 As a hard magnetism crystal phase which consists of a mold tetragonal- 
system crystal, respectively It has an alloy organization which deposits in a soft magnetism amorphous 
phase, and said soft magnetism amorphous phase is below 10 area % to all alloy organizations. A rare 
earth-iron-boron system magnet alloy characterized by for the remainder being said soft magnetism 
crystal phase and said hard magnetism crystal phase, and for said soft magnetism crystal phase being at. 
least 50 area % to all the crystalline structures, and the remainder being said hard magnetism crystal phase. 
[Claim 2] A rare earth-iron-boron system magnet alloy according to claim 1 10 or more kGs and whose 
maximum magnetic energy (product BH) max 3.5 or more kOes and a residual magnetic flux density Br are 
13 or more MGOes for coercive force iHc. 

[Claim 3] Formula Rx Fe100-x-y-z-w Coy Mz Bw (however, R) A kind of rare earth elements chosen from 
Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen from Ti, V, Cr, Zr, Nb, Mo, 
Hf, Ta, W f Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w respectively — an atomic ratio 
5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, and 2<=w<=7 — and Rapid solidification is carried out, after carrying out 
heating dissolution and making a manufactured alloy into a molten metal so that it may become the 
presentation rate of being expressed. 9<= (x+w) and 5 — < (y+z) — subsequently A manufacturing method 
of a rare earth-iron-boron system magnet alloy according to claim 1 characterized by heat-treating this 
quenching congelation in a 600-850-degree C temperature requirement. 

[Claim 4] A bond magnet which is a bond magnet with which magnet alloy powder which grinds a rare 
earth-iron-boron system magnet alloy according to claim 1, and is obtained was fabricated using resin 
which is a binder, and is characterized by carrying out mixed combination of said magnet alloy powder at 85 

- 99% of the weight of a rate. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially, it has 3.5 or more kOes especially, consequently 
this invention relates to the bond magnet which used the rare earth-iron-boron system magnet alloy for 
the high residual magnetic flux density Br, 10 or more kGs and the big coercive force iHc, the rare earth- 
iron-boron system magnet alloy that whose maximum energy product (BH) max was large, and was 
excellent in rust-proofing nature, and its manufacturing method list. 
[0002] 

[Description of the Prior Art] Since a bond magnet has advantages, such as the configuration free nature, 
high dimensional accuracy, etc., it is widely used for various uses, such as an electric product and 
autoparts, from the former. In recent years, the own miniaturization of a bond magnet used for this is 
strongly demanded with small and lightweight-izing of an electric product or autoparts. 
[0003] For that purpose, it has magnetic high performance-ization, i.e., the high residual magnetic flux 
density Br and the big coercive force iHc, consequently it is required strongly that maximum energy 
product (BH) max should be large. 

[0004] Since ferrite powder is an oxide, and it excels in corrosion resistance and is manufactured using 
cheap raw materials, such as oxides, such as barium and strontium, and a ferric acid ghost, the bond 
magnet (henceforth a ferrite bond magnet) using the magnetoplumbite type ferrite currently used widely as 
a bond magnet from the former is used economically and widely. 

[0005] However, residual magnetic flux densities Br are [ 2 - 3kG degree and coercive force iHc ] 2 - 3kOe 
degrees, and maximum magnetic energy (product BH) max of the magnetic properties of this ferrite bond 
magnet is usually a 1.6 - 2.3MGOe degree. 

[0006] Recently, the demand to magnetic high-performance-izing and magnetic low-pricing does not have 
the place which remains, therefore development of the rare earth-iron-boron system exchange spring 
magnet alloy using Nd as rare earth is prosperous, and the part is already put in practical use. 
[0007] The above-mentioned exchange spring magnet is iron or an iron compound, and Nd2 Fe 14B1. A 
possibility of a magnetic spring phenomenon being shown, and the feature being having the amount of low 
rare earth and the high residual magnetic flux density Br, and becoming the magnet excellent in cost 
performance by the exchange interaction with a mold tetragonal compound is high. 

[0008] That is, since the rare earth-iron-boron system exchange spring magnet alloy of under 10 atom % 
can reduce expensive rare earth with the high and potential on magnetic properties compared with the rare 
earth-iron-boron system magnet alloy of 10 - 15 atom % with the amounts of rare earth near 
stoichiometric composition, such as Nd, like "MQP" (trade name) of marketing which General Motors 
developed, the amounts of rare earth, such as Nd, have the feature of being economical. 
[0009] There is a system in which these amounts of rare earth, such as Nd, contain the system and Fe3 B 
which contain above alphaFe and bccFe in the rare earth-iron-boron system exchange spring magnet alloy 
of under 10 atom % as a soft magnetism phase, and Fe2 B. Although the residual magnetic flux density Br 
of the former is generally as high as 10-13kG f coercive force iHc is as low as at most less than 3.5 kOes, 
and although coercive force iHc of the latter is generally comparatively as high as 3.5-7.7kOe, since a 
residual magnetic flux density Br is below a 10kG degree, although a residual magnetic flux density Br is 



high compared with "MQP'\ compared with alphaFe subject system, it is low. 

.[0010] By the way, in the field of the small motor which are the main uses of the bond magnet using a rare 
earth-iron-boron system magnet alioy, to be the magnetic properties which were able to balance a residual 
magnetic flux density Br and coercive force iHc, i.e., for a residual magnetic flux density Br to be [ 10 or 
more kGs and coercive force iHc ] 3.5 or more kOes, is strongly demanded from a viewpoint of the 
miniaturization of a motor, and themagnetic stability of the magnet used. 

[001 1] Moreover, the alloy containing the rare earth of Nd system oxidizes in air, tends to generate a 
stable oxide gradually, and has the defect of being inferior to rust-proofing nature. Therefore, since 
corrosion resistance is inferior, as for the bond magnet manufactured using the alloy containing the rare 
earth of Nd system, it is common that rust-proofing coating, such as dipping of a resin system, spray 
coating, electropainting, or metal plating, is generally performed. 

[0012] Therefore, if the rust-proofing nature of the alloy containing the rare earth of Nd system improves, 
it is expected that it also sets for the above uses, and rust-proofing coating of a bond magnet front face 
can be simplified thru/or simplified. Moreover, for example, since rust-proofing coating may be omissible 
depending on the use of a general purpose motor etc., improvement in the rust-proofing nature of a rare 
earth-iron-boron system magnet alloy is demanded strongly. 

[001 3] Then, it has the high residual magnetic flux density Br and the comparatively big coercive force iHc, 
consequently maximum energy product (BH) max is large, and it is required strongly that the rare earth- 
iron-boron system magnet alloy excellent in rust-proofing nature should be obtained economically. 
[0014] Conventionally, Fe is used as a principal component (however, it is less than [ 91at% ].), and the 
permanent magnet material with which the remainder consists of a crystalline substance phase which 
contains generation and a R-Fe-B system hard magnetism compound by heat treatment substantially is 
known including the soft magnetism residual amorphous phase below 10 area % in the quenching permanent 
magnet material containing one sort or two sorts or more of rare earth elements (R) and boron (B) (JP,8- 
162312,A). 
[0015] 

[Problem(s) to be Solved by the Invention] Although the rare earth-iron-boron system magnet alloy which 
had the high residual magnetic flux density Br and the comparatively big coercive force iHc, consequently 
maximum energy product (BH) max was large, and was excellent in rust-proofing nature is [ current and ] 
just going to be demanded most, the magnet which has such a property is not yet obtained. 
[0016] namely, the above — a rare earth-iron-boron system magnet alloy given in JP, 8-1 6231 2,A the 
"table 5" of this official report — a residual magnetic flux density Br — 0.62-0.97T (it is equivalent to 6.2- 
9.7kG.) A degree and coercive force iHc are 0.16 - 0.21 MA/m (it is equivalent to 1 .25-2.6kOe.). A degree 
and maximum magnetic energy (product BH) max are 19.7 - 72.0 kJ/m3 (it is equivalent to 2.5 - 9.0MGOe.). 
as being indicated as the degree — coercive force iHc — at most — 3kOe degree and the residual 
magnetic flux density Br were as low as 10kG degree at most. 

[001 7] In addition, a rare earth-iron-boron system magnet alloy given in the examples 2-4 of JP.8- 
162312,A is different from the rare earth-iron-boron system magnet alloy concerning this invention on a 
gestalt about the bb\k object acquired by carrying out extrusion in the vacuum, after grinding a quenching 
thin band. 

[0018] Then, this invention has the high residual magnetic flux density Br and the big coercive force iHc, 
consequently maximum magnetic energy (product BH) max is large, and let it be a technical technical 
problem to obtain economically a rare earth-iron-boron system magnet alloy excellent in rust-proofing 
nature. 
[0019] 

[Means for Solving the Problem] This invention as follows can attain said technical technical problem. 
[0020] That is, this invention is formula Rx Fe100-x-y-z-w Coy Mz Bw (however, R). A kind of rare earth 
elements chosen from Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen 
from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn. Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w 
respectively — an atomic ratio — 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, and 2<=w<=7 — and It has a 



presentation expressed. 9<= (x+w) and 5 — < (y+z) — alphaFe, bccFe and these, a soft magnetism crystal 
phase containing the solid solution with Above M, and Nd2 Fe 14B1 As a hard magnetism crystal phase 
which consists of a mold tetragonal-system crystal, respectively It has an alloy organization which deposits 
in a soft magnetism amorphous phase, and said soft magnetism amorphous phase is below 10 area % to all 
alloy organizations. The remainder is said soft magnetism crystal phase and said hard magnetism crystal 
phase, and said soft magnetism crystal phase is at least 50 area % to all the crystalline structures. It is the 
rare earth-iron-boron system magnet alloy which consists of the remainder being said hard magnetism 
crystal phase, and coercive force iHc is said rare earth-iron-boron system magnet alloy 10 or more kGs 
and whose maximum magnetic energy (product BH) max 3.5 or more kOes and a residual magnetic flux 
density Br are 13 or more MGOes. 

[0021] Moreover, this invention is formula Rx Fe100-x-y-z-w Coy Mz Bw (however, R). A kind of rare 
earth elements chosen from Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element 
chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn f Cu, Ga, Ag, and Si or two sorts or more, x. and y, z and w 
respectively — an atomic ratio — 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, and 2<=w<=7 — and 9<= (x+w) and 5 
— < (y+z) — after carrying out heating dissolution and making a manufactured alloy into a molten metal so 
that it may become the presentation rate of being expressed, it is the manufacturing method of said rare 
earth-iron-boron system magnet alloy which carries out rapid solidification and subsequently consists of 
heat-treating this quenching congelation in a 600-850-degree C temperature requirement. 
[0022] Moreover, this invention is the bond magnet with which magnet alloy powder which grinds said rare 
earth-iron-boron system magnet alloy and is obtained was fabricated using resin which is a binder, and is a 
bond magnet which consists of mixed combination of said magnet alloy powder being carried out at 85 - 
99% of the weight of a rate. 

[0023] It will be as follows if a configuration of this invention is explained in more detail. 

[0024] First, a rare earth-iron-boron system magnet alloy concerning this invention is described. 

[0025] An alloy presentation of a rare earth-iron-boron system magnet alloy concerning this invention is 

described. 

[0026] A presentation in a rare earth-iron-boron system permanent magnet concerning this invention is 
formula Rx Fe100~x-y-z-w Coy Mz Bw. It is expressed. R is a kind of rare earth elements chosen from Nd, 
Pr, Dy, Tb, and Ce f or two sorts or more among a formula, and the amount is 5<=x<=10 in an atomic ratio. If 
a residual magnetic flux density Br and coercive force iHc are taken into consideration, that with which 
other rare earth elements were mixed by Nd, Pr, a Nd-Pr alloy, and these is desirable, and Nd and Pr are 
the most desirable. However, even if rare earth elements other than the above are contained below 10 
atom % to the total amount of rare earth, it does not interfere. 

[0027] the amount of R — 5<=x<=10 — it is — desirable — 5.5<=x<=9 — it is 6<=x<=8 more preferably. 
When x is less than five, it is Nd2 Fe 14B1. The amount of deposits of a hard magnetism crystal phase 
which consists of a mold tetragonal-system crystal is inadequate, the amount of deposits of a soft 
magnetism crystal phase which contains the solid solution of alphaFe, bccFe and these, and M when 
coercive force is not set to 3.5 or more kOes but exceeds 10 is inadequate, and a high residual magnetic 
flux density beyond Br>=10kG is not obtained. 

[0028] Ranges of the amount of Fe(s) are 69-86 in an atomic ratio. A residual magnetic flux density Br falls 
to a case of less than 69, and 10 or more kGs made into the object of this invention are not obtained at it. 
When exceeding 86, the amount of R and the amount of Co(es) will decrease relatively, and the coercive 
force iHc made into the object of this invention is not acquired for 3.5 or more kOes. 

[0029] Since Co brings about improvement in coercive force, buildup of magnetization, corrosion resistance 
improvement, and lifting of the Curie point with M element, it is an indispensable element. 
[0030] the amount of Co(es) — 1.0<=y<=9.0 — it is — desirable — 1.5<=y<=9.0 — it is 2.0<=y<=9.0 more 
preferably. Lifting of coercive force or the Curie point is not enough for a case of less than 1.0, and it is 
inferior to thermal stability. When exceeding 9.0, lowering of the residual magnetic flux density Br by 
reduction of an iron system component becomes remarkable, and 10 or more kGs are not obtained. 
[0031] M is a kind of rare earth elements, or two sorts or more of elements chosen from Ti, V, Cr, Zr, Nb, 



Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si, and is Nd2 Fe 14B1. The crystal magnetic anisotropy of a hard 
magnetism crystal phase which consists of a mold tetragonal-system crystal can be raised, and big 
coercive force can be acquired according to a detailed-ized effect of a deposit phase. Moreover, a soft 
magnetism crystal phase containing the solid solution of alphaFe, bccFe and these, and M can be stabilized, 
and the corrosion resistance of a permanent magnet and thermal stability can be improved. 
[0032] Mn, Cu, Ga, Ag, and Si can acquire bigger coercive force according to the synergistic effect, if it 
adds with other M elements. 

[0033] an amount of M element — 1 <=z<=5 — it is — desirable — 0.2<=z<= : 4 — it is 0.3<=z<=3.5 more 
preferably. It is deficient in the improvement effect of coercive force, as a result inferior to a case of less 
than one at thermal stability. In exceeding 5, it causes lowering of Br by reduction of an iron system 
component. 

[0034] Among the above-mentioned M elements, while Ti, Zr, Nb, Hf, Ta, Si, and Ga contribute to 
improvement in coercive force, it is easy to form an amorphous phase, an amorphous phase remains in 
stability in an alloy, corrosion resistance is demonstrated, and a magnet material excellent in rust-proofing 
nature is obtained. 

[0035] B — Nd2 Fe 14B1 an element indispensable since a hard magnetism crystal phase which consists 
of a mold tetragonal-system crystal is constituted — it is — the amount — 2<=w<=7 — it is — desirable 
— 2.5<-w<-6.5 — it is 3<=w<=6 more preferably. The amount of deposits of a hard magnetism crystal 
phase which consists of a Nd2 Fe14B1 mold tetragonal-system crystal becomes inadequate for a case of 
less than two, and it is not set to iHc>=3.5kOe. In exceeding 7, B becomes superfluous and causes lowering 
of a residual magnetic flux density Br. 

[0036] The sum of the amount of R and the amount of B is 9<= (x+w), and is ten or more preferably. 
Sufficient soft magnetism amorphous phase by quenching is not formed in a case of less than nine, and 
heat treatment cannot realize iHc>=3.5kOe to it, either. If it takes into consideration holding the high 
residual magnetic flux density Br, as for the upper limit, 15 will be desirable, and it will be 14 more 
preferably. 

[0037] the sum of the amount of Co(es), and the amount of Ms — 5 — < (y+z) — it is — it is 5.5 or more 

more preferably 5.1 or more. As for a case of five or less, an effect of raising coercive force and thermal 

stability becomes is hard to be acquired. If it takes into consideration holding the high residual magnetic 

flux density Br, as for the upper limit, 1 1 will be desirable, and it will be 10 more preferably. 

[0038] An alloy organization of a rare earth-iron-boron system magnet alloy concerning this invention is 

described. 

[0039] A rare earth-iron-boron system magnet alloy concerning this invention has a soft magnetism 
amorphous phase below 10 area % to all alloy organizations. 

[0040] A soft magnetism amorphous phase consists of rare earth of 8 - 20 atom %, iron of 70 - 90 atom % 
or iron, an alloy with the above-mentioned element M, and boron below 25 atom %. Since this soft 
magnetism amorphous phase can control big and rough growth of crystal grain and can make a detailed 
crystal phase form in a heat-treatment process for crystallization while it has soft magnetism, it can raise 
the hard magnetism of the whole alloy. 

[0041] Moreover, since each of a soft magnetism crystal phase and a hard magnetism crystal phase is 
carrying out the distributed deposit into a soft magnetism amorphous phase at the shape of an island, this 
soft magnetism amorphous phase can do so an effect as a barrier which controls progress of oxidation 
since the perimeter of a soft magnetism crystal phase which mainly bears a magnetic role, or a hard 
magnetism crystal phase is surrounded, namely, can prevent progress of rust, and can raise the rust- 
proofing nature of an alloy magnet. 

[0042] When a soft magnetism amorphous phase exceeds 10 area % in a two-dimensional observation visual 
field of all alloy organizations, since distance which a magnetic exchange interaction between a soft 
magnetism crystal phase or a hard magnetism crystal phase attains to becomes large, magnetic association 
can weaken, and an effect of raising a magnet property is not acquired. If said rust-proofing effect of a soft 
magnetism amorphous phase is taken into consideration, the lower limit will be 1 area % preferably. 



[0043] A soft magnetism amorphous phase can also expect enough effects which an amorphous phase 
usually has, such as a mechanical strength and chemical resistance. 

[0044] 50 area % A soft magnetism crystal phase in a rare earth-iron-boron system magnet alloy 
concerning this invention contains the solid solution of alphaFe, bccFe and these, and Above M, and 
contains it at least to all the crystalline structures. A soft magnetism crystal phase has contributed to 
improvement in a residual magnetic flux density Br. In a case of under 50 area %, a magnet alloy which has 
the high residual magnetic flux density Br made into the object of this invention cannot be obtained. If a 
ratio of a hard magnetism crystal phase which bears a role which raises coercive force iHc is taken into 
consideration, the upper limit has desirable 90 area %. 

[0045] A diameter of crystal grain of a soft magnetism crystal phase has desirable 10-100nm, and it is the 
range of 1 5~50nm more preferably. 

[0046] a soft magnetism crystal phase — except for the solid solution of alphaFe, bccFe and these, and 
Above M — the solid solution of Fe3 B, Fe2 B, and these and M — further — an intermetallic compound of 
Fe and M, such as Fe2 Zr, — a state diagram — although it may be contained unescapable on a 
manufacturing process-like, when obtaining a magnet alloy which has many properties made into the object 
of this invention, especially a problem does not become. 

[0047] A diameter of crystal grain of a soft magnetism crystal phase with these things [ being contained 
unescapable ] has desirable 100nm or less, and it is the range of 15-35nm more preferably. 
[0048] A hard magnetism crystal phase in a rare earth-iron-boron system magnet alloy concerning this 
invention is Nd2Fe 14B1. It consists of a mold tetragonal-system crystal, and is under 50 area % to all the 
crystalline structures. 

[0049] This hard magnetism crystal phase does so an effect of making coercive force He discovering. 
Moreover, a part of M element enters into this hard magnetism crystal phase, and may raise an anisotropy 
constant. 

[0050] When exceeding 50 area %, a soft magnetism crystal phase decreases and the big residual magnetic 
flux density Br is not obtained. It is below 40 area % preferably. Moreover, if a coercive force iHc value 
made into the object of this invention is taken into consideration, the lower limit has desirable 10 area %. 
[0051] In a hard magnetism crystal phase, it is Nd2 Fe 14B1. A minute compound phase which deposits 
impossibly in state diagram besides a mold compound may be included. 

[0052] A diameter of crystal grain of a hard magnetism crystal phase has desirable 100nm or less, and it is 
the range of 10-50nm more preferably. 

[0053] Ten or more kGs of residual magnetic flux densities Br are 10.5 or more kGs preferably, 3.5 or more 
kOes of coercive force iHc have 4.0 or more kOes preferably, and, as for a rare earth-iron-boron system 
magnet alloy concerning this invention which has the above-mentioned alloy presentation and the above- 
mentioned alloy organization, 13 or more MGOe(s) of maximum energy product (BH) max(es) have 15 or 
more MGOes preferably. For a residual magnetic flux density Br, 13kG(s) and coercive force iHc are 
[ 8kOe(s) and maximum energy product (BH) max of the upper limit ] 25MGOe(s). 

[0054] Moreover, rust-proofing nature is JIS. Z Preferably, elapsed time until rusting occupies 10 area % is 
60 hours or more more preferably, and as shown in a back appearance example compared with the 
conventional Nd-Fe-B system alloy, it is clearly excellent by salt spray test method based on 2371, for 55 
hours or more for at least 50 hours or more. 

[0055] Next, a manufacturing method of a rare earth-iron-boron system magnet alloy concerning this 
invention as aforementioned is described. 

[0056] Formula Rx Fe100-x-y-z-w Coy Mz Bw (however, R) A kind of rare earth elements chosen from Nd, 
Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, 
Ta, W, Mn, Cu, Ga, and Si or two sorts or more, x, and y, z and w respectively — an atomic ratio — 
5<= x <=10, 1<= y <=9, 0.1<=z<=5, 2<=w<=7 and 9<= (x+w), and 5 — < (y+z) — an alloy is manufactured using 
a metal-like element raw material or an alloy-like raw material so that it may become the presentation rate 
of being expressed. 

[0057] As a metal-like element raw material, that what is necessary is just to use a commercial thing, the 



gestalt has the thing of various gestalten, such as the shape of powder, mass, and a piece, and tabular, and 
the all can be used for it. 

[0058] As an alloy-like raw material, there are ferro NEOJI, a misch metal, didym, etc. with FEROBON and 
rare earth elements by boron element that what is necessary is just to use a commercial thing. The gestalt 
has the thing of various gestalten, such as the shape of powder, mass, and a piece, and tabular, and the all 
can be used for it. 

[0059] The above-mentioned metal-like element raw material and an alloy-like raw material which were 
blended so that it might become the above-mentioned presentation rate manufacture an alloy with a well- 
known arc solution process, a RF solution process, etc. It is desirable to perform these dissolution in inert 
atmospheres, such as inside of a vacuum and argon gas. 

[0060] Heating dissolution of the obtained alloy is carried out, and an alloy molten metal is obtained. As for 
heating temperature at this time, it is [ that what is necessary is just to decide according to an alloy 
presentation ] desirable to usually heat at a temperature higher 50 degrees C or more than the melting 
point of an alloy. 

[0061] The rapid solidification of the alloy molten metal is carried out by method which combined a well- 
known roll kneader quenching method, the Sprat quenching method, the gas atomizing method, or these, 
and it obtains an amorphous alloy organization containing an amorphous ribbon or amorphous coarse grain. 
[0062] In this invention, heating dissolution of an alloy and rapid solidification may be continuously 
performed within the same equipment as occasion demands. 

[0063] Here, an amorphous alloy organization shows a broadcloth peak according to an X diffraction, and it 
is checked by transmission electron microscope observation. Although an amorphous alloy organization 
may not be obtained 100% depending on a quenching method or an alloy presentation, since the object of 
this invention can be attained, what is necessary is just sufficient amount. 

[0064] This amorphous alloy organization has soft magnetism, and in order that it may control big and 
rough growth of crystal grain and may enable formation of a detailed crystal phase in a process of heat-of- 
crystallization processing with that magnetic role, it is bearing an important role which raises the hard 
magnetism of the whole alloy. 

[0065] Generally heating temperature for crystallization of an obtained quenching congelation is a 600- 
800-degree C temperature requirement. In the case of less than 600 degrees C, it is Nd2 Fe 14B1. A hard 
magnetism crystal phase which consists of a tetragonal-system crystal of a mold does not deposit enough, 
and coercive force of 3.5 or more kOes is not acquired. When exceeding 850 degrees C, big and rough 
growth of a soft magnetism crystal phase containing the solid solution of alphaFe, bccFe and these, and M 
becomes remarkable, and it is hard coming to be discovered of coercive force. Moreover, a ratio of a 
residual soft magnetism amorphous phase falls remarkably, and rust-proofing nature becomes is hard to be 
demonstrated. What is necessary is just to carry out selection setting out of the optimal heat treatment 
temperature for discovering good magnetic properties suitably according to an alloy presentation of a 
quenching congelation. 

[0066] Although there will be especially no problem if an ambient atmosphere in a heat-treatment process 
is a range which does not spoil the magnetic properties of a magnet alloy obtained, the inside of inert 
atmospheres, such as Ar gas, or a vacuum of 10 to 1 or less Torr is desirable. 

[0067] As for coercive force of 3.5 or more kOes, neither is obtained in order that an elasticity magnetism 
phase may carry out big and rough growth, if a deposit of soft magnetism crystal phase sufficient in less 
than 10 seconds and a hard magnetism crystal phase is not made but heating time in a heat-treatment 
process surpasses 1 hour. 

[0068] A crystalline substance phase is generated from an amorphous phase by heat-treatment. It is 
important to heat so that an amorphous phase below 10 area % may be made to remain to all alloy 
organizations, without making an amorphous phase into a crystalline substance phase thoroughly at this 
time. 

[0069] As conditions for leaving an amorphous substance, it is necessary to set up conditions of said heat- 
treatment so that a deposit and growth of a crystal phase may not result extensively. Moreover, since 



stabilization of an amorphous phase and growth suppression of a deposit phase can also be planned 
according to an effect of an alloying element M ? setting out of a suitable alloy presentation is also 
important. As an example of the heat-treating method, although there are a flash plate annealing method 
and the rapid heating cooling method, depending on an alloy presentation, the usual heat-treating method is 
enough. 

[0070] Abundance of this residual amorphous phase is one to 10 area % preferably. It is because an effect 
made into the aforementioned object cannot be acquired, and improvement in rust-proofing engine 
performance cannot be expected, either but magnetic association between an amorphous phase and a 
crystalline substance phase or between crystalline substance homologous minds can weaken below at 1 
area % above 10 area %. 

[0071] Next, a manufacturing method of a bond magnet using a rare earth-iron-boron system magnet alloy 

concerning this invention as aforementioned is described. 

[0072] A bond magnet can be manufactured by well-known method. 

[0073] That is, a rare earth-iron-boron system magnet alloy is fine-particles-ized using commercial 
grinders, such as a ball mill and a stamp mill, and it can mix [ resin which is a binder, and ], obtained rare 
earth-iron-boron system magnet alloy fine particles can be kneaded, and it can obtain by carrying out the 
fabricating operation of this kneading object by method of fabricating common knowledge, such as injection 
molding, extrusion molding, compression molding, and calender shaping. 

[0074] Although mean particle diameter of rare earth-iron-boron system magnet alloy fine particles can be 
variously changed by method of fabricating according to the object, generally its mean particle diameter is 
[150 micrometers or less ] desirable. Since fines 10 micrometers or less will cause lowering of magnetic 
properties if mean particle diameter is intermingled so much, mean particle diameter of the lower limit is 
about 10 micrometers. However, if it is 15 or less % of the weight of all powder, mixture of fines 10nm or 
less will not interfere. 

[0075] Generally a mixed rate of rare earth-iron-boron system magnet alloy fine particles in a bond magnet 
is 85 - 99 % of the weight. Although a mixed rate of rare earth-iron-boron system magnet alloy fine 
particles in a bond magnet changes a little with fabricating methods, generally it is [ at an object for 
compression molding ] about 85 - 90 % of the weight about 96 to 98.5% of the weight about 85 to 92% of 
the weight in an object for extrusion molding about 88 to 93% of the weight in an object for injection 
molding in calender shaping. 

[0076] It does not become the bond magnet which there are too few rates of magnet fine particles for the 
less than 85-% of the weight case, and has sufficient magnetic properties in it. However, since there is also 
a use in low magnetic properties depending on the object, 85 or less % of the weight may be set up. each 
above-mentioned fabricating method — a maximum of a mixed rate of magnet fine particles to kick is 
determined based on a demand of the fluidity of a kneading object with resin in which each shaping is 
possible, or mixture, or a mechanical strength of a moldings. 

[0077] In order to face manufacturing a bond magnet, to make shaping easy or to fully pull out magnetic 
properties, an additive of common knowledge, such as a plasticizer, lubricant, and a coupling agent, other 
than resin may be used as occasion demands. 

[0078] That what is necessary is just to choose a suitable thing according to the object, as a plasticizer, a 
commercial item according to each activity resin can be used for these additives, and, generally about 0.01 
- 5.0 % of the weight can be used for them to activity resin. 

[0079] As lubricant, there are stearin acid, its derivative, inorganic lubricant, an oil system, etc., and, 
generally about 0.01 - 1.0 % of the weight can be used to the whole bond magnet. 

[0080] As a coupling agent, activity resin and a commercial item according to a filler can be used, and, 
generally about 0.01 - 3.0 % of the weight can be used to activity resin. 

[0081] A moldings serves as a bond magnet electromagnet magnetization and by carrying out pulse 
magnetization, when a rare earth-iron-boron system magnet alloy concerning this invention is used as the 
magnetic substance. 

[0082] 6.0 or more kGs of residual magnetic flux densities Br are 7.5 or more kGs preferably, 3.5 or more 



kOes of coercive force iHc have 4.0 or more kOes preferably, and, as for a bond magnet concerning this 
invention, 8 or more MGOe(s) of maximum energy product (BH) max(es) have 9 or more MGOes preferably. 
[0083] Moreover, elapsed time until, as for corrosion resistance, rusting occupies 10 area % under 
environment of 80 degrees C and 90% relative humidity is 120 hours or more preferably for at least 96 
hours or more. 
[0084] 

[Function] First, it sets to this invention and the most important point is formula Rx Fe100~x-y-z-w Coy 
Mz Bw (however, R). A kind of the rare earth elements chosen from Nd, Pr, Dy, Tb, and Ce or two sorts or 
more, and M A kind of the element chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or 
two sorts or more, x, and y, z and w respectively — an atomic ratio — 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, 
and 2<=w<=7 — and It has the presentation expressed. 9<= (x+w) and 5 — < (y+z) — alphaFe, bccFe and 
these, the soft magnetism crystal phase containing the solid solution with Above M, and Nd2 Fe 14B1 As 
the hard magnetism crystal phase which consists of a mold tetragonal-system crystal, respectively It has 
the alloy organization which deposits in a soft magnetism amorphous phase, and said soft magnetism 
amorphous phase is below 10 area % to all alloy organizations, and the remainder is said soft magnetism 
crystal phase and said hard magnetism crystal phase. And especially, the rare earth-iron-boron system 
magnet alloy said whose soft magnetism crystal phase is at least 50 area % to all the crystalline structures 
and whose remainder is said hard magnetism crystal phase has the big coercive force iHc of 3.5 or more 
kOes especially with the high residual magnetic flux density Br of 10 or more kGs, consequently is the data 
of maximum energy product (BH) max being large, and excelling in rust-proofing nature. 
[0085] About the reason a rare earth-iron-boron system permanent magnet with large coercive force iHc 
is obtained, he is this invention person, When only said specific M element is included without including Co 
element when only Co element is included without including said specific M element as shown in the 
example of a back appearance comparison, in spite of including Co element and said specific element Since 
the rare earth-iron-boron system permanent magnet which has the property made into the object of this 
invention is not obtained also when it is any when the total becomes out of range [ the amount of 
specification ], according to the synergistic effect of Co element and said specific M element Nd2 Fe 14B1 
I think that the effect and the detailed-ized effect of a deposit phase which raise the crystal magnetic 
anisotropy of a mold tetragonal-system crystal were demonstrated. 

[0086] this invention person considers that why the rare earth-iron-boron system permanent magnet 
excellent in rust-proofing nature is obtained is because an amorphous phase encloses the perimeter of the 
soft magnetism crystal phase which mainly bears a magnetic role, or a hard magnetism crystal phase, and 
exists and the moderate amount moreover stabilizes and exists. 
[0087] 

[The gestalt of operation of this invention] The gestalt of typical operation of this invention is as follows. 
[0088] The phase structure of the alloy organization of a rare earth-iron-boron system magnet alloy 
observed and measured the thin band alloy (thickness of 20 micrometers) using high-resolution 
transmission electron microscope HR-TEM (JEOL Co., Ltd. make), the nano beam electron diffractograph 
(JEOL Co., Ltd. make), and the energy dispersive X-ray analyzer EDX (JEOL Co., Ltd. make). 
[0089] The magnetic structure of an alloy organization checked that it was soft magnetism by identifying 
alphaFe mold crystal and a Fe3 B mold crystal by the electron diffraction which used the above-mentioned 
nano beam electron diffractograph. 

[0090] Similarly, it is Nd2 Fe 14B1. It checked that it was hard magnetism by identifying a mold crystal. 
[0091] Area % means the abundance in a two-dimensional visual field in observation by a transmission 
electron microscope (TEM) etc. 

[0092] The value measured by the chemical analysis showed the alloy presentation. 

[0093] The value measured with the sample oscillatory type magnetometer VSM (Riken electronic 

incorporated company make) showed the magnetic properties of an alloy. 

[0094] Moreover, beforehand, after the magnetic properties of a bond magnet gave pulse magnetization of 
about 50 kOe(s), the value measured by the B~H curve tracer (Toei Industry, Inc. make) showed them. 



[0095] The rust-proofing engine performance of an alloy thin band is JIS. Z It carried out by the salt spray 
test method based on 2371. That is, it took out for every fixed time amount, the existence of rusting and 
the situation of an increment and amplification of a rusting point were observed with the 50 times as many 
optical microscope as this, and elapsed time until rusting occupies 10 area % showed. 
[0096] When rusting is carried out in between or how it sets to an observation side, and a rusting point is 
increased and expanded estimated the corrosion resistance of a bond magnet under the environment of 80 
degrees C and 90% relative humidity. It is the optical microscope visual field of being 50 times many as this, 
quantitatively, and elapsed time until rusting occupies 10 area % showed. 

[0097] It is Nd7 Fe83.5Co4 Nb1 Ga0.5 B4 at an atomic ratio. Be formed, 5.08g (99.9% of purity) (Product 
made from a Japanese Yttrium) of metal neodium pieces, and the piece of metal iron (electrolytic iron, 
99.9% of purity) (Showa Denko Make) — weighing capacity of 23.02g, 1.1 64g (99.9% of purity, Sumitomo 
Metal Mining Co., Ltd. make) of metal cobalt pieces, 0.458g of metal niobium pieces, 0.1 72g of metal gallium 
pieces, and the 0.21 4g of the crystal boron pieces was carried out, respectively, and AUW was set to 
30gKs). Arc dissolution of these was carried out in the argon gas reduced pressure ambient atmosphere, 
and the alloy carbon button was produced. Arc dissolution performed the table and the reverse side of an 
alloy carbon button four **** repetition **** in order to attain homogenization. 
[0098] This alloy carbon button was made into the wafer, and it put into the quartz nozzle (the pipe 
diameter of 10mm, a length of 20cm, 0.4mm of diameters of a nozzle) 5 grs, and set in liquid quenching 
equipment. Blowing application-of-pressure argon gas into a nozzle, after carrying out RF dissolution under 
the argon gas reduced pressure ambient atmosphere and considering as a molten metal, the copper roll 
(diameter of 20cm) which rotates with the peripheral velocity of 40m/second was made to spout the 
above-mentioned molten metal, rapid solidification was carried out, and the super-quenching alloy thin 
band with a width of face [ of 1-2mm ] and a thickness of 10-20 micrometers was produced. 
[0099] The obtained alloy thin band showed the peak [ broadcloth on the whole ] as a result of the X 
diffraction. When this X diffraction result and a high-resolution transmission electron microscope 
observation result were interpreted collectively, it has checked that most consisted of an amorphous phase 
at least, moreover, the result of having measured the configuration element ratio of this alloy thin band by 
the chemical analysis — Nd7 Fe83.5Co4 Nb1 Ga0.5 B4 it is — it was checked that it is equal to a profile 
preparation presentation ratio. 

[0100] This alloy thin band was enclosed with the quartz tube under the vacuum of 5x10-2Torr, and heat- 
treatment was performed for 3 minutes at the temperature of 750 degrees C. The alloy thin band after this 
heat treatment is alphaFe mold and Nd2 Fe 14B1 as a result of an X diffraction. The clear peak based on 
two kinds of crystal structures of a mold and the low peak considered to be a Fe3 B mold were detected. 
And since the background had the loose peak with broadcloth, it was ****(ed) that the amorphous phase 
also remains or a little. 

[0101] About the alloy thin band after this heat treatment, that fine structure was observed using the high- 
resolution transmission electron microscope, the nano beam electron diffractograph, and the energy 
dispersive X-ray analyzer. Consequently, to all crystal phases, the soft magnetism crystal phase containing 
alphaFe is a 65 area % degree (the soft magnetism crystal phase containing the Fe3 B mold which deposits 
unescapable among soft magnetism crystal phases was a rate which is equivalent to a 7 area % degree to 
all crystal phases.), and an alloy organization is Nd2 Fe 14B1. The included hard magnetism crystal phase is 
a 28 area % degree to all crystal phases. Total of these crystal phases was 91 area % to all the crystalline 
structures, when the whole two-dimensional visual field was made into 100 area %. Therefore, the remaining 
9 area % was a soft magnetism amorphous phase. 

[0102] Moreover, the range of the diameter of crystal grain of the soft magnetism crystal phase which the 
range of the diameter of crystal grain of the soft magnetism crystal phase containing alphaFe or a bcc mold 
Fe alloy is 20-45nm, and contains a Fe3 B mold is 15-35nm, and it is Nd2 Fe 14B1. The range of the 
diameter of crystal grain of the hard magnetism crystal phase containing a mold is 15-40nm. Each phase 
carried out the distributed deposit by heat treatment from the amorphous phase before heat treatment, 
and crystallizing was observed. Furthermore, each element of Nd and B was condensed by the residual 



amorphous phase, and it has checked to it that they are 11.3 atom % and 7.8 atom %, respectively from the 
analysis result. . 

[0103] As a result of measuring the room temperature magnetic properties of the alloy thin band after this 
heat treatment with a sample oscillatory type magnetometer, for coercive force iHc, 4.7kOe(s) and a 
residual magnetic flux density Br were [ 11.2kG(s) and maximum energy product (BH) max ] 17.4MGOe(s). 
[0104] Moreover, in order to investigate the rust-proofing engine performance of the above-mentioned rare 
earth-iron-boron system magnet alloy, the rate of surface ratio of the rust which takes out every 12 hours 
and is occupied on a thin band front face was observed with the optical microscope. Consequently, since 
elapsed time until rusting occupies 10 area % was 72 hours after, it became clear that this alloy was 
excellent also in corrosion resistance. 

[0105] After the oscillating-type ball mill ground the obtained above-mentioned heat-treated alloy thin 
band, it applied to the screen, and it is 150 micrometers or less in particle size, and alloy magnetic powder 
20 micrometers or more was obtained. 

[0106] After melting 98g of this alloy magnetic powder, and epoxy resin XW~2214(trade name, Japan pel 
NOx incorporated company make) 2g by the methyl ethyl ketone of optimum dose and often mixing alloy 
magnetic powder, the desiccation evaporation of the methyl ethyl ketone was carried out, and it considered 
as the mixture for compression molding (it is equivalent to 98 % of the weight of alloy magnetic powder, and 
2 % of the weight of epoxy resins.). 

[0107] 3.3g of this mixture is put into the press fixture for cylindrical samples with a diameter of 10mm f and 
they are about 7 ton/cm2. It pressed by the pressure and the cylindrical green compact with a diameter 
[ of 10mm ] and a length of about 7mm was obtained. 

[0108] This green compact is heat-treated at 150 degrees C for 1 hour, an epoxy resin is stiffened, and it 
is 3 the density of 6.0g/cm. The compression-molding bond magnet was obtained. 

[0109] After magnetizing about 50 kOe(s) with a pulse magnetization machine to this compression-molding 
bond magnet, as a result of measuring the magnet property of a room temperature with a B-H marker, for 
the residual magnetic flux density Br, 9.0kG(s) and coercive force iHc were [ 4.6kOe(s) and maximum 
energy product (BH) max ] 10.2MGOe(s). 

[01 10] Moreover, the corrosion resistance test was performed under the aforementioned 80 degrees C and 
90% relative humidity about this bond magnet, and the generating condition of the rust accompanying the 
passage of time was observed. Consequently, as a result of the optical microscope (50 times) in every 12 
hours, 72 hours passed, it began and adult rusting of several points was accepted in the visual field a 
maximum of 0.1mm. In the same visual field, as a result of continuing observation every 12 hours, even if 
168 hours passed, rusting stopped within the visual field occupying 10 area %, and it became clear that it 
was the bond magnet which has the outstanding corrosion resistance. 
[0111] 

[Example] Next, the example of a comparison is given in an example list. 

[01 12] The heat-treated alloy thin band was obtained like the gestalt of implementation of said invention 
except having changed various heat treatment temperature in examples 1-18, the example 1 of a 
comparison - 9 manufacture alloy presentation, and an alloy thin band manufacturing process. 
[0113] The heat-treated alloy thin band obtained in the examples 1-18 observed the phase structure of an 
alloy organization as well as the gestalt of implementation of said invention. 

[0114] Consequently, to all crystal phases, the soft magnetism crystal phase containing alphaFe is the 
range of 60 - 75 area % (the soft magnetism crystal phase containing the Fe3 B mold which deposits 
unescapable among soft magnetism crystal phases was a rate which is equivalent to a 7 area % degree to 
all crystal phases.), and is Nd2 Fe 14B1. The included hard magnetism crystal phase is a range more than 
25 area % under 40 area % to all crystal phases. Total of these crystal phases was the range of 90 - 95 
area % to all the crystalline structures, when the whole two-dimensional visual field was made into 100 
area %. Therefore, the soft magnetism amorphous phase was the range of 5 - 10 area %. 
[01 15] Moreover, the range of the diameter of crystal grain of the soft magnetism crystal phase which the 
range of the diameter of crystal grain of the soft magnetism crystal phase containing alphaFe or a bcc mold 



Fe alloy is 15-50nm f and contains a Fe3 B mold is 15-35nm, and it is Nd2 Fe 14B1. The range of the 
diameter of crystal grain of the hard magnetism crystal phase containing a mold is 15~50nm. Each phase 
deposited by heat treatment from the amorphous phase before heat treatment, and crystallizing was 
observed. Furthermore, rare earth and each element of B were condensed by the residual amorphous 
phase, and it has checked to it that they are the range of 10 - 15 atom % and the range of 7 - 9 atom %, 
respectively from the analysis result. 

[01 1 6] The alloy in which only specific M element was included, and the example 7 of a comparison are the 
exchange spring magnet alloys of the Fe3 B subject mold with which, as for five or less alloy and the 
examples 8 and 9 of a comparison, the sum of the amount of Co(es) and the amount of M contains B 
element so much, without the alloy with which the examples 1 and 3 of a comparison do not contain Co 
element and M element, the alloy with which the examples 2 and 4 of a comparison do not contain M 
element, the examples 5 and 6 of a comparison including Co element. 

[01 1 7] The example 1 of a comparison thru/or the alloy organization and the fine structure in 4 were the 
same as this invention and a profile, the Fe3 B mold soft magnetism crystal phase occupied more than 60 
area %, and, moreover, the examples 8 and 9 of a comparison have checked that a residual amorphous 
phase did not exist substantially. 

[0118] The main manufacture conditions and many properties at this time are shown in a table 1. 
[0119] 
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[0120] The above result shows that the alloy concerning this invention is excellent in magnetic properties 
and the rust-proofing engine performance compared with the example of a comparison. 



[0121] The bond magnet was obtained like the gestalt of implementation of said invention except having 
changed various classes of examples 19-24, the example 10 of a comparison - 13 magnet-alloy fine 
particles. 

[0122] The main manufacture conditions and many properties at this time are shown in a table 2. 

[0123] 

[A table 2] 
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[0124] It turns out that the bond magnet of this invention is excellent in magnetic properties and corrosion 

resistance compared with the example of a comparison. 

[0125] 

[Effect of the Invention] The rare earth-iron-boron system permanent magnet alloy concerning this 
invention has the high residual magnetic flux density Br and the big coercive force iHc, consequently 
maximum energy product (BH) max is large, and since it is excellent in rust-proofing nature, it is desirable 
as a charge of high performance bond magnet lumber. 

[0126] And under 10 atom %, since it is few, the amount of rare earth can obtain the rare earth-iron-boron 
system permanent magnet alloy concerning this invention in favor of economical and an industrial target. 
[0127] Furthermore, it originates in the rare earth-iron-boron system permanent magnet alloy to be used 
having many above-mentioned properties, and has the high residual magnetic flux density Br and the big 
coercive force iHc, consequently maximum energy product (BH) max is large, and since the bond magnet 
obtained using the rare earth-iron-boron system permanent magnet alloy concerning this invention is 
excellent in corrosion resistance, it is desirable as a high performance bond magnet. 
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T^£;ft,5*&/&£*U aFe v b c c F e &Z£ 

ztihtMt(Dmmw^^m^^mtNd 2 Fe 

14Bi SiE*S»JlSfi^fe*5««ttJefiffit<0**L-e 

-ess o , wtt^fafffi^^MK^t i o mm% 
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(2) 

/ 

[4MM»#*>«6H] 

[ft^^Sl] S;R X F e joo-x-y-z-w c °y M z B w 
Mil, Rte, Nd, Pr, Dy, TbRtfCe^fcl 
tfix*:ft±S5c*.0-axttra£Jl±, Mfi, T i , 
V, Cr, Z r , Nb, Mo, H f , Ta, W, Mn, 
Cu, Ga, Az&TfSifribm&frtcTtmv—mXlt 
~*EJUt. x, y, z&tfwte, -tix-PixJH^Jt-e 5 ^ 

x^lO, 1. 0 ^ y ^ 9 . 0, 0. 1 ^ z ^ 5, 2 ^ 
■w<7 f -3&^v 9 ^ (x+wK 5<-(^+-z) -) - 
fr$n5»jS;S:#U E.O, aFe, bccFeStf: io 

e 14 Bi SlE*r H ^^^^^^^tt^f B tSi:^^tl 

[»*3S2l «*iHc^3. 5kOe«l, «a 20 
(BH) ma x^l 3MGOe^±T*fcai«MlSi 
e ,100-x-y-z-w 

Co y M z B 

w 

(fib, Rtt. Nd, Pr, Dy, TbRtfCeHS 

V. C r , Zr. Nb, Mo, Hf, Ta, W, Mn, 
Cu, Ga, AgXT/S i ^batftLfcTC*^— 

-«W±^ x, y , z&o + wte, -tn-t'ixJS^Jt-es^ 

x^lO, 1. 0^y^9. 0, 0. 1 ^ z ^ 5 N 2^ 
w^7, d>o, 9 ^ (x + w) , 5< (y + z) ) T'3c 

^600-85 ot:^Mffiffiffli?*n!!a«ka"t-Sw t Sr# 
at -raw** 1 i^<o&±m-&-# 

[»**4 ] 1 |B*<0*±jR-ft-#n >>3R« 

L T » it 6 8S^-& # -e & 5 

5-9 9Sft%^^^J'^T^^E^$iuTV^ 

-5 r k &mkk-tz>#> K«5. 
[0001] 

Br, SIC lOkGttli, *fftft«AiHc, S 
tC, 3. 5kOeH±^fU ^TCO^m, ft*^*^ 
(BH) max*S*:*<, JLo, BSWttl^ffixfc 

5 tOTfcSo 



2 

[0 0 0 2] 

[0 0 0 3] -t B£&<Z>i«tf:t&fb, fiP%, ittl^ 

[0 0 0 4] W9kfrl>iS> YWSk LT8UH£ftTV*5 
ht&masKfbtt-efcSfcfc. i&A14t2i«ix"C*5<9. * 

[0 0 0 5] Li&»U :07x7>f f^M^K 
«H4tt. ii*. »««*tt«B r^2-3kG!S, 
^iHc^2-3kOeltt^oT x **Bt*3L* 
(BH) max^l. 6 — 2. 3MGOegg 

[ooo6] &*<Dm&-m4kkig;ffifeib^<Dm# 

[0 0 0 7] ±f50X»^^y >-^«^(i, ftfcU<fi 

sfpffltcj;?), 

[0 0 0 8] ipib, NdfW|r±iMi0l^%*i 
^.tf, ^7/U^E~^"-X36SBB*bfcTliflR^ "MQ P" 

(Sp b p* ) ^ J: 5 ^ N d «^ft±fg4iMk^*ttfflfi!c^ 

ia^i o~i sjs^yo^ftis-ft-^o^a^A: 

[0 0 0 9] rcON d^f±Si^l OJE^^-%*^^ 

^14^1 i: fT±IBOa F e-^b c c Fe^tfS^Fe 
3 B^Fe 2 BSr^tf^i^fcSo mT*tt. -«K»9 
BUfgB kGi:iev^»«^ iHcH 

ii5^3. 5 kOe*^i:{g:^t^r^*?, -« 
|:ftWiHc^3. 5-7. 7 kOe iJt«Wil5V^ 
8f8K*SB r tfS 1 0 k GiSKT-CfcSfcft, 
"M QP" irit^i t»S8S*SSSB rfiK^aFe 
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[0 0 10] i:5t, *±a-«-*n>J|«^& 

ScStt©*jft**&, B r i H c © 

^Br^lOkGKl, Sl^iHc^3. 5kOe 
[0 0 11] N d^^^fc^tp^f^ 

[0 0 12] ^ot, Nd^^*±SSr-&tp^oB6» 
fc3&s»l#Six5o W^-H SUB*— ^*>ffli£ 

[0 0 13] ^^X\ ilV^glMSBr tJttttt* 
« (BH) max#*#<. K»tttw«ixfc«r± 

[0014] F e S:±ric# (fit, 9 1 a t %* 

SJ-CfcSo ) i l«;Kte2««±^*±?HS* 
(R) (B) ^tft^IfclcMW^l:^ 

K^tt>fk^fe s&sKffi a* e> ft 5 jjc^as^fl-^dsfti 

fctlTV^ (*HH^8 - 1 6 2 3 1 2-S§^«) 0 
[0 0 15] 

5 ii-^^S] *^»««*««B r 
tJt««)*f ft(R«* iHc^tU 
j.*^=¥"-« (BH) ma x < , BSWtttC 

a^«*fc*#e>*LTv^ftv\ 

[0 0 16] BP*,, ttim^m^S- 1 6 2 3 1 

5 J HMJttBr^O. 6 2 — 0. 9 7T (6. 
2-9. 7kGtCffi^i-^ 0 ) gfiL «8*iHc* 
0. 16 — 0. 21MA/m (1. 25 — 2. 6kOe 
KlSSI"*. ) S*, **««^*/U:¥-f| (BH) m 
ax #19. 7 — 72. OkJ /m3 ( 2 . 5 — 9 . 0 
MGOetd^a-r^o ) S£i:ffi«£ixT^5i§9, ft 
WiHc j^ilS* 3 k O e Sfi, «S«*ffiSB r 

* l 0 kGSStiv^M&ofco 



4 

[0 0 17] ft, ^B§¥8 - 1 6 2 3 1 2-5§^«<Z>SgJfe 
W2--4^IE«(Dft±S-tt-#n^ai^Att, & 

[0 0 18] i«V^«lK**gB r 

*A-3=-» (BH) max&jz%<, 
^TV^-5^±S-^-^n^^'g'^«^W^#^ 

[0019] 

[0 0 2 0] IP*,, *#SWti:, 5£R X F eioo-x-y-z-w 
Co y M z B w (fit, Rfi, Nd x Pr, Dy, Tb 

Mfi, TK V, C r . Zr, Nb, Mo, H f . T 
a, W, Mn. Cu, Ga, Ag&tfS i 3&»5>Stfixft: 

tgSko— axfi— lai, x. y, -zxtfwte. -tn-t* 

20 *LJK^-tf:T* 5^x^10. 1. 0 ^ y ^ 9. 0, 0. 1 
^ z ^ 5 , 2^w^7 x a>0 N 9 ^ (x +w) . x 5 < 
(y + z) ) T*:b$ix51fi/SS:WU aFe, 
b c c F e^U I ^^bt_tfaMi:(D@^ff^^tF©:^tt 
^ B B B tSi:Nd2 Fei 4 Bi S^A^ttfi^feftSHSt 

M8t:?ttl 0I'a%HTt*fcoT, SSSBs&stfUBltttt 
^ H e 3 ffi#±^ B 3 0ffi^t-^t / >ft< t t 5 0l9%T'fco 

30 t, »»#mw«ffi»ft*B"c**>*-t^e>ft«*±s 

-ft-sJ?o>^«^&-e*>9. ft«* i Hc#3. 5 
k O e «B«*ffifiB r^lOk GJEAJiXtf*:*: 

KSL^i^/U^f— a (BH) ma X3&5 1 3MGOe^lt* 

[0 0 2 1] SR X F e 10 0-x-y-z-w 

Co y M z B w (fit, R(3\ Nd. P r, Dy. Tb 

Mte. Ti, V, Cr, Zr, Nb, Mo, H f , T 
a, Mn, Cu, Ga, AgWS i ^b«tfixfc 

tLJS^itr*5 ^x^ 1 0, 1 . 0 ^ y ^ 9 . 0, 0. 1 
^ z ^ 5 N 2^w^7, ^^o, 9 ^ (x + w) x 5 < 
(y + z) ) ^to*n*iB*W-&i:ftSW-»abfc 
^Sr. MiStrMtttf, tftllt, ftv^ 
T% Kfiift®ll«S:6 0 0 — 8 5 O'CtomSMBX^m 
«L31i- 5 - 1 3&» & ft S RtlS*r±^ - ft - # d 

[0 0 2 2] 4fc, WE*±W-ft-#n>' 

tt# e> ttS St^^*&*3&sfe^»J-e 
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m^±n^ 8 5-99 i^-e^ia^ £ *l 
[oo2 3] *%W(Dm&$:£i9mi><mji'rth&, & 

[0 0 2 4] 5fc1\ *^P^t^5«r±S-^-^n^^ 

[0025] *%w\z&%ft±m-m-tf*>'^mx& 

[0 0 2 6]- *%P^^5^r±«-^-^-a >^*^ 
^[Z$o ft ^R x F e ioO-x-y-z-w Co y M 2 

B w T^^tt^o afc'K Rtts Nd, P r , Dy , Tb 

^^SfL ^itl?5^x< 1 0XfoZ> o 
SSSB r ^Vtmt) i H c Sr%Ifc-***xtf. Nd, P r , 
N d - P r &&RU^tlb\z{&<Dft±Mjvm&m:&i$tl 
fctOdS*f*L<, Nd, PrMt>»4U\ ffl-U 
±«a«*0*±J^*tf£ft±*»£#LTl OJDSW-% 

[0 0 2 7] R*f±, 5^x^ 1 OTfo^ £?£b< 
5. 5 ^ x ^ 9 N J;t»ff*b<fi6^x^8"efc5o x 
f>S5ffeffi<Dm&\aL Nd 2 Fe 14 Bi SHE^i&^ifSfi 

3. 5kOe»±tebf, 1 0Sr«X.5»-&^tt, a 
Fe, b c c F eRtfrftfeiMtOlKftSr^tpftB 

^&m(ommm^%^x\ Br^iok g^ji 

[0 0 2 8] F e ftta, JBWfC 69-86 OjBffl-Cfc 
£ D 6 9**KO»*^tt. SffBKftftB r^fiTU 
*ISM<7)S«li:"t5 1 0 kG£JUb^»fetb/«CV\ 8 6 & 
m?LZ>m^ia^ ft»6i)i:Rl^Co«s«'>t5:i 
*36WOB«jfc"f Sftflfcb i Hc^3. 5kO 

[0 0 2 9] Colt Mytm t t h\^^t}(D\^}±^ ffi. 

[0 0 3 0] Cofitt, 1. 0<y^9. 0 "C& 9 , $J 
SKttl. 5^y^9. 0, £ L< te2. 0 ^ 

y ^9. oxhz>o i. o*^o^(-^ N flya*-^* 

3.y-^±#ds+^T*ft<!R^i4^*5 0 9. 0£ 

[0 0 3 1 ] Mtt, Ti, V, Cr, Zr s Nb, M 
o, Hf, Ta, Mn, Cu, Ga, Ag&tfS i 

9, Nd 2 Fe 14 Bi mJEjjgh^1££kfrtbteZ>tMffi&$£ 

*i: J: 9 ttftBA fc»8 1 1 i« 1 1 5. *fc, aF 
e> b c c F eRVrtlbiMiOBSMttpftBtt 
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[0032] Mn, Cu, Ga, AgWS i (2, ft!l<£> 

[0 0 3 3] M^^ftte 1 ^ z ^ 5 "Cfo 9 N #£L< 
J*0. 2 ^ z ^ 4, <fc<9&3:L<teO. 3^z^3. 5 

[00 3 4 ]-ifSM7C*^ 5-*?\ * T i v Z r .--N-b-. H 
io f x Ta, S i&t/Gaft G]±fc:«F^-t- 5 i: 

[0035] B Nd 2 Fe 14 Bi SE^&^tfl^ 

(9, 2^w^ »*L< 1*2. 5 ^ 

w^6. 5, J;9ffSL<te3£w^6Tfc5o 2*^ 
Ojfrfrfcltt. N.d 2 F e i 4 Bi®:£;£fi*j|gfiJ&»bft5 
S«ffi|gftta^«fU3*^3i54J-4:4 0, iHc^3. 5 

9 B r <^{£T£ffl<o 

[0 0 3 6] RSXtJ^Bi^fttt. 9 ^ (x+w) "Cft 

9, ffsi<i±ioEJi±t?fc5o 9mm<om^^yi. m 

J;otUHc^3. ■SkOe^t'ti^o IV^I 
S«**ffiB r 5 ^ t Sr^*-f-tttf, ^co±Pl 

Ifj:l5««L<, i?ffJL<ttl4-C&5 B 
[0 0 3 7] Co S&t^Mft^fnte, 5 < ( y + z ) ~C 
£>9, *?*L<W:5. 1«±. £9£?£L<te5. 

*5a*dS»e>^< < 45o Biv^Ba**ffiB r 

[0 0 3 8] *»M^«5*±S-tt-*C2>SaS^ 
[0 0 3 9] *|SWt-«S#±IB-«-aKn>^«^ 

[0 04 0] ft«tt*f B «ffifi. 8-20 Jl^%^*± 
t2 5l|f%£ilTO#pyi:3&^45o rcD©:^# H e s 
M^llg(:*5^t, *ft«toa*:fiKftS:»IWL, fit 

[0 04 1 ] 4fc, ttKttttfi«iffl!«tttt*Siw-t 
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[0 0 4 2] ©:^tt^ B B B Kffi^^^ffi®co-^5c«]m 

l®S%l?fo^o 

[0 0 4 31 tt«tt#ftitffitt, #aKfta*iiflrtr-*-5 io 

[00 4 4] *»Kfc«5#±«-«-#n ^3BB3J<fr 
&tc*3tt5tt«tt3efiffitt, a F e , b c c FeM: 

[004 5] tt«tgSKfitB<Ofefie[Stt, 10-100 
n mi&Sff * L < , ± 9 L < fit 1 5 — 5 0 n m<D^W 

[0 0 4 6] ttB^glltBfcltt, a F e , bccFeS 
tf^frbk±mMt<Dmf&fc$Xft\ZF e 3 B, Fe 
2 B, ^nbiMi^BS^ Fe 2 ZTt£X<D 

[0 0 4 7] cttb^BfifiW^*ix5wi:^fc5tJ:« 
ttigfiffiOfifiilffiSfi, 1 0 0 n mHT^ff* L < , J: 
9#*L<ti:l 5 — 3 5 nm^it'fo^ 

[004 8] *IBM^«S#±S-«-#n ^flfc&'g* 
^tCiott^^att^tS^, Nd 2 Fe 14 Bi SIM 
*ttftj&»&*9* ^JiiB«^a-L5 0BfB%*»r«> 

[0 0 4 9] C0)gE«ffiBft*Btt\ ««*Hc«:3S^£ 

[0 0 5 0] 5 0®r/o^St5I^ft tttttt&AfB 
3ftS^ft<4 9, *tfta««*««Br365»bix4v^ 
#*L<tt4 0ffi«%«T"Cfc5. *fc, #?§ejlcogfft 
ti-StS«* i Hcffi£%I»i-*Ui, ^<£>TP5ffitel 0 

[0 0 5 1 ] OT&tMgfitSfcte, Nd 2 Fei4Bi^b 

[0 0 5 2] ®«tt*SSffiO»fie[Stt, lOOnmK 
T-* s »* L < , J: 9 KttlO-50n m^IlT' 



[0 0 5 3] ±fa^iBfiKt ±ffi-&Aa»S:*i-5*« 

SBr#10kGH±, JfSKttlO. 5kGK±T 
fo "9 . $mf) iHc^3. 5kOe fiJLL, L < W: 
4. OkOeHlJrtU ft*:**^— » (BH) m 
ax^l 3MGOeKi, ff*L<«l 5MGOey± 
£*i-<5o -t^JiKltttiU 88«*«aB r ^ 1 3 k 
G, i H c-# 8 k O e v -ft^^/^^a- (B 

H) max^2 5MGOe-CJb5. 
[0 0 5 4] B&ifttte, J I S Z 2 

3 7 1 fc*<5< «**w«fc«fe^± , i o sa 

%Srfi»5*T^ftia«FPfl^*< <^5 0B#KI«±* 

[oo5 5] mz,'mm<Dmy<D*mw^mz>$i±m- 

[0 0 5 6] ^R x F e 100-x-y-z-w c °y M z B 
w (ffl.U Rfc£ % Nd N Pr. Dy x TbWCe^f? 
il«ttfc^±^5c^O-SXti-S^±, Mtt, T i , 
V s Cr, Zr, Nb, Mo. Hf % T a N W x Mn, 

cu, g aRus i a>featfjftfc7c*<z>— ®xt^~aw 

Jb, x, y x zjffwtt, ^^nJ®^-it-C5^x^ 1 
0, l^y^9 x 0. 1 ^ z ^ 5 , 2^wS7, tf>o, 
9< (x+w) , 5< (y + z) Xm^ti^Uf^l^t 

[0 0 5 7] ^JS^TC^^^ LTte, TfTBR^fc^Srffi: 
ffli- tttf J: < , -t<0«tttt. *E*« 

[0 0 5 8] -S-^kiR-t LTft Tli^Ofc^^{£ffl-r 

wsfcs. *<Dmm\± y sua, 

[0059] ±!Ej|safiS:«^ift5«^Ba^*Jxfc±fE& 

[0 0 6 0] #b^&^a«ilT&Mg^# 
[0 0 6 1 ] ja*D^EI(ton— /i^-ftjfe, ^ 
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[0 0 6 2] ^i^tC^Tte. iK*^«tO, &&<Dto 

m^mt^mm^m-mm^x^m^xrr^xhx 

[0 0 6 3] rcr% ^AK^tmttis xtimftK 
3S!Bo g to#i§ji£-e# s-fc «> ^+^^*T^feixi^<fe v v 

[0 0 64] r <D#£hW&&mmi&ffi>V£$:^L>rto 
[0 0 6 5] #^n/c^M@^^^H B a^^/c^^P^ 

— jKfctt* 6oo-8 0ot^S®itfe 

£ Q 6 0 0^*1^11 Nd 2 Fei4Bi m<DiEJj 
r B mfe a H B^^^5^tt^ B B Blf^+^ffiii:-rx 3. 5 

^J±, aFe. b c c F e#«fct*r;h,t £Mi<Z>@8S# 

[0 0 6 6] JDHft*0fSXfif^*5tt5»H«H, 
-IT o r r SkT(OK&*P&ftf$. LV\, 

[0067] jojRifiLaxs^fe^sipJia^Fratt, 1 og> 

SJvi\ l«FlWS:r?L6t*R«tt«3dsa*:*fti-5fc 

[0068] jpj»«ya^ j: 9 , #*jrte^bteftSttBas 
r t <c < , ^*«a«^*r no ffi«%£JLTo^f H «ffl 

[0 0 6 9] #*Sfrfc«rfc»<0*fl=£ LTtt, iKAffi 
^B H BStScoS^l:^J:r/tFrffl^co^SfflSU^^ 

[0 0 7 0] r <D»&ft&Km<Dft&m&\*&$. l< 



7/? 

[0071] jw^ twaoii!9<o*aswfc«4*±a- 

[0 0 7 2] /KvKflfc&fi, ffl*p<Z>*ffi^J:!)KjSi-5 
[0 0 7 3] BP*>, #±a-tt-#n^«5*ASraB 

[0 0 7 4] flr±«-«-/J?n>'^a^&»fl:©5piS 
t^_-T?t53dS. — ¥±S«ftS3& s 1 5 0 /z m«T 

&S*Sl OMmgfiffcSc flU 511% 

[0075] /KvKaat^^oftis-ft-sSn^a^ 

£>»£*]£■«:, *?Bft^J:!9^*ftS^, -«fc**ffl 
fi£^^*3l^Ttt, 8 8-9 3lt%IS, ifffl/SJgffl 
Ti3:8 5-9 2li%il, JEiRgfiS;?gfflt?«-9 6-9 
8 . -5 li%gg N # U^^— fig^-C^ 8 5-9 0 Sfi 

[0 0 7 6] 8 5li%*»^l^^ ^fe^O#J^ 

[0 0 7 7] sK^K«^*K5ti"S^85LT, dSgSr* 

[0 0 7 8] Blft^JSCTig^&t 

^Lt-fiCO. 0 1-5. Oll%§S^ffflTt 
5. 

[0 0 7 9] ffiMk UrtL ^t7U >WthZ:<Dffi*£ 
T-j&^O. 0 1-1. 0ii%SS^fflt§5 o 

[0080] ^s/^y^^jtuTtt, ^mmmty^ 
v-icfcttz^m&tmmxz , ®.mmj$ifcttLx-tBL 

\Z0. 0 1-3. 0li%S«« $ «fflt#5. 
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[0081] $mm\%. **wfc«**±!B-«-#o 

Br^6. OkGW, #£L<(3:7. 5kG£JLbT?fc 
9,ft«*iHcdS3. 5kOe^ &£L<te4. 
OkOeKi^tU flr^m^/u^—H (BH) max 
3&S8MGOe£JLb. ffiL<H9MGOeK±l:tt 

5 0 ~- - 

[0 0 8 3] $fc, 80^ 90% io 

[0 0 8 4] 

F e ioO-x-y-z-w Co y M z B w ({HL^ RJ3\ Nd x 
Pr. Dy, T bS{J«C e ^bltftlfcttSSSKO- 
iXitZlfcll^ Mtt, Ti, V, Cr. Zr, Nb s 
Mo. Hf,' Ta N W, Mn, Cu, Ga, AgWS 

tfwte, -^tl^J^-T-it-C 5^x^10. 1. O^y^ 
9. 0, 0. l^z^5, 2^w^7, rfno, 9 ^ (x 
+ w) , 5< (y + z) ) T?**>$ix5a^:Sr^rL, & 
aFe N b c c F e W^tl^ t±ffiMi:(D@^ft: 
Sr^tf t N d 2 F e 14 B ! SlE^ B R B ^iSffi 

0Ei%ffcoT, JSBB3&sSfflBB!attJ|gf H ffiTfeS«r± 
S-«-#n>»«^&tt, ftU:, 10kGH±(^il 
■V^aSaS**«B r 4:, fttC % 3. 5kOe|^l^f 
fctKW* i H c <h %m U ft^^U^-a 
(BH) max^t<, JLo N B£»ttl;itf;h/"CV^ i 

[0 0 8 5] fly»* i Hc^*#V^±S-ft-2RniV 

ffirtBM7C*tOtB*a*(^.J: 9. Nd 2 F e 14B 1 MjE 
[0 0 8 6] K«Ht^«ixfc*±Bi-«-7)?a^*3k^ 



7-2 

[0 0 8 7] 

[0 0 8 8] *±^-^-7fCa ^*a£^^0^4kffl« 
St) £JHv^«*XlfMftLfco 

[0089] ^&iuK^ttttWi&». ±is^y b -jum 

Fe 3 Bafe*S:lRl&t-6ri:^±5tt«tt'C&5ri 
[0 0 9 0] Hfil^LT, Nd 2 Fei 4 Bi SfttSSrl^ 

[0091] ffi«%i:fi, mi&mm+mfflLm (tem) 

ft if K: J: S \z& i^T, 2 #:5cfft Slf? K*3 £ 
[0 0 9 2] £&»fifctt, {t^WlCt !9JBSL*:ffl[-C? 

[0093] ^^aftfl#tt«, nnmmmmtinvs 
[0094] K«^rcoa«[«Fttfi, &j 

5 0kOe(D^|»ftlti, B-H^-^hU 

[0 0 9 5] -fr&»«OBS«ttffitt, J I S Z 23 
7 1 tcS^v^^TKiKliKR^ffi^ofco ip*>, 

%>m&comto • a^ai^srmftu, 1 0 

[0 0 9 6] KK^^Itftttfi, 8 0 90 %*B 

[0 0 9 7] K^JtT'N dy Fe 8 3. 5 Co 4 N b i Ga 
0.5 B4©flJ5lct45J;5^ AJS^^-v^^^Jt 
9 9. 9%) (*AStt0*^yH)*A||[) 5. 0 8 

g, &m&)i mmm, ^99. 9%) (»*sttBB 

frlUXgS) 2 3. 0 2 g, AJR=J/VUhJt (ifi9 9. 
9%. ftK&JRttli]#5££ttSl) 1 . 1 6 4 g. — 
tt^^itO. 4 5 8 g, &mtfV ^^K-0. 172g 
^U^^pyjto. 2 1 4 gSr-tii-PixSiL 

t x 81it30griLfc o -ttb^T/l-^V^^® 
t>o< 9ilL-rf+4[E3tTo7t 0 
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[0 0 9 8] r<0^&tf^:/£;/J\K-t-U 

(fUSlOmm, fiS2 0cm, yX;U§0. 4m 

m) \Z5 g rAn, *ttftft««fcHZ5' Hfc. T/U=f 

[0 0 9 9] »?>tLfc*4feW1ff#fc- Xi»lHlJf(75«*, £ 

^MfffciOWSLfctt*, Nd 7 Fe 83 .5Co 4 Nb 
1 Ga 0 .5 B 4 T*fc^ ^^B&tt^m*lt^^LV^r £ 

[0100] wtf^&iS^S: 5X1 0 _2 T o r r ©SS 

TT^^t-^A u 750 t^s^-o 3 ftmmm&m 

aFeSWNd 2 F e^Bj i^2iWli 

[0101] r^if^^MSCo^t, 

**Lfc„ *<7)Jg», aFe^tfW 
foofc 0 ) "CfcoT, Nd 2 Fe 14 B! *£trt»Kffie 

[0 10 2] *fc, aFe^b c clFe^Srttfft 
«ttJeftffi^aS3KSli, 2 0-4 5 nm©61t'feo 
T. Fe 3 BSSr-&trtt«ttJigafficoJISfi3|aS(4, 15 
~3 5 nm£>tSI8"CfcoT, Nd 2 F e 14B i tf 

aiattjefiffi^feftastt. i5-4 0nm<z)6itfc 

[0 10 3] Z<D&fam&<D&&n&<D&&&i&¥&i: 
Kfl«ftS**tt-eS!l36 Lfcfe*, (S«* iHc/JM. 
7 k O e , ^SKfSB r 3&S 1 1 . 2 k G, ft*:^* 
^3f— fR (BH) ma x^l 7. 4MGOeT*ot c 



14 

[0 10 4] *fc, ±Eftdt3I-ft-*«3^3R«5-&& 

[0 10 5] »fetbfc±fBSR«La»^**Srfiib«;* 

-/U^yi>T?t&#Lfc«, fSfca»ttfi& 15 0// mJ^TT* 

[0 10 6] :^l©9 8gi:x^i/ffl§XW- 

2214 oasiBf*, H*^wy^^aea^tfc») 2 g 

[0 10 7] C^»3. 3g^Ell Omm^Rtt 
^myi/^tefliatl, ^7ton/cm2 £D/E^I 
■C^^UEgl 0 mm, SSjR)7mmORa*tEE3» 

[0108] rojEi&ttS: i s o^ibsmm»&sl 

"C^^^flffliSrBlikS^ fS6. 0g/cm3 

[0109] z.(Dmmm^>Ym^\^<^*mmmx* 

«5 0kOe©fISrlSLtS, B-Hh^t-TS 
^K***tt*»J^LfcJIS*. MWSgB r jfiS 9 . 
OkG, ffiMiHc^4. 6kOe, %tfzzL*.jV*?— 
91 (BH) max^iO. 2MGOetfcofc B 
[0 110] 3=fc^ ^GD^WHtcio^T, mifS^8 
one, 9 o%ftttM&Txm&m&m%:fti<\ H#Pfl<Ojg 

S<7?*^a»» (5 0ffi <7>*S*. 7 2H#M*fiiSL-C 
*£#>Tg* 0 . 1 mm^C^ft^^lSW^ffi^^^Kft 
kttfco ffi»^*5l/^T, 1 2B*PflStd««*rttttfc 

je*, 1 6 8HBgaut, mmtmmftxi o®« 

[0111] 

[0112] mmm 1-18, \mm 1 - 9 
[0113] nnfiffiii — i sT^t^tb/cna^a^^ 

[0114] -tco*SS, a F e Sr^trttKttigfiffi^^ 
^"TaBW^Wtili'SF e 3 B3!&$tf*fc«t£teffitirau 

Att Mt7 tcte a r 6 s«j^T*fo o 

fco ) COtSfflT'feoT, Nd 2 Fei 4 Bi Sr$tfBE»tt 
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fe&m^fe&te \z*t i4o t&m%*ffi, 2 s mm%&* 

^ffSrl 0 0ia%^«^f B »Ml9 0-9 
5®«%£OffifflT*foofc 0 Sot, tttt&^AfttStt* 
5 — 1 0ffia%Ofl6H'Cfcofc 0 

[0 1 15] aF e^b c cSF e-fr&Sr&trtfc 

^tt^^tSCO^fB^H, 1 5 - 5 0 n m?>®[lT*fco 
Fe 3 B^^tP©:ett^ a B B ffi^ B B B S[^^, 15 
-3 5 nm^it^t, N d 2 -F e 14 B T ®£^tp 
BEattlSaffi^iSa&SH, 1 5 - 5 0 n m^illt^ 

1 0-1 5m*%<Dmm. 7-9if%oiitfc^^ 
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* [0 116] &mmiRXf3\$Co5imbM7cm : k^'£. 

«0J 5 fttf 6 C o Ttm £^£^3 ^ irft < ^Mytm 
O^Sr^S-frfc-g^ Jt«M7ttCo*tM»i:©fil36S 
5£JIT0>&&. Jtt4«8&tf 9ttB7c*S:#4tJ:$trF 

[0117] itg50ij 1 Jbm. 4 ^*3»t 5^4feiH»^«** 

arc* *mwt±$&mmx+hy, 8x1*914, f 

e 3 Blttltt^tB^ 6 Oia%to^^, 

[0 118] c^o^SJSJtftfrRUWWttS:*!^ 

[0 119] 
[Si] 
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700 
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60 
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Nd, Pr, Fe., Co„ Ta. Pi, R, 
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S.fl 
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Jtftni 
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[0 12 0] «±Ojg*^b % JtRfclU-Jfc^T,- 

[0121] mmm 19-24, jteswi 10-13 



[0122] r<o«p^^e«iJtft#au ! ««tt**2fc 

[0 12 3] 
so [S2] 
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[0 12 4] #3§PJ<7):^> KS^fS, kmm^tt^X, 
[0 12 5] 

a^&f*. J|V^®MSB r i:*:^<eiSBt* i H 
cS:#U -t<Z53te*, flr^cai^/U^r- m (BH) max 

[0 12 6] -tLT, #«9§K«5#±S-R-aSn> 



[0 12 7] 351-, **Wt-«5*±JS-tt-^P>* 
iHc^U -t^tt*. **^^^=¥— « (BH) m 



IlSff 0] 3^2^ 2 0 B (2 0 0 1. 2. 2 0) 

[^BB#-&1 WBB 3 ? 10-53844 
[^PIP] ¥^10¥2^24P (1 9 9 8. 2. 2 4) 
[¥iHHft] 4*HIWfKM8 10-539 
1$I¥8-2 2 6 0 2 1 

C22C 38/00 303 

45/02 
H01F 1/053 
[FIJ 
C22C 38/00 303 D 
45/02 A 
HO IF 1/04 H 



[Sttl 0 1 11^7^190 (1999. 7. 1 
9) 

[3MJM*jE1] 
[4fjE*tft*««] 9ISMF 

[If^^l] ^R x F e ioo-x-y-z-w Co y M z B w 
({B.U Rf*. Nd, Pr, Dy, TbfttfCe^bl 

V, Cr, Z r , Nb, Mo, Hf, Ta, W, Mn, 
Cu, Ga, Ag WS i ^bl^/cTci^-lXf^ 
-««Jt, x, y, ziffwlt ^n^tt^it^S^ 
x^lO, 1. 0 ^ y ^ 9 . 0, 0. 1 ^ z ^ 5 , 2 S 
w^7, 2>o, 9 ^ (x+w) , 5< (y+z).) "C* 
t>£tl&m.!$$:#l', aFe, bccFeW: 

e 14 Bi ®jE*JI»»B s B^bft5«ai4«fiffli:co-tix 

»c»L'>/i:< its oia%-cfcot, mmmmm 
-c*> z> r t ^ 1- a #±* - « - * n > 

[»**2] fifflt*iHc*S3. 5kOe£JLh, »« 
M«B r#10k G«±Rt/ft^I^x^;V^i 
(BH) ma xdSl 3MGOe£Jl±T*fc5M*JSllB*fc 

[f frfe^ 3 ] *tR x F e iQQ-x-y-z-w C o y JVl 2 _iiw- 
(fil, Rtt. Nd. Pr, Dv, TbMCeHI 



V. Cr. Zr. Nb. Mo. Hf. Ta. W t Mn. 


Cu. Ga, AeMS i^ti 








x < 1 0. 1. O < v < 9 . 0. 


0. 1 ^ z ^ 5 . 2^ 


w^7. £>0. 9 ^ (x+w) . 


5 < ( v + z ) ) T?« 







rWf3ft3g4 1 ^)R X F e 100-x-y-z-w C o y M z B w 
(ffiU Rfc\ Nd, Pr, Dy, TbRtfCe^bl 
tfttfcft±S7t:5RO— ««±, Ml*, T i , 
V, Cr, Z r, Nb, Mo, Hf, T a , W, Mn, 
Cu, Ga, AgXtfS i ^5>ltfilfc7C*^-S3ttt 
— ««±, x, y, z&tfwtt, ^rtt-ettJS-T-JfC 5 ^ 
x^lO, 1. 0 ^ y ^ 9 . 0 V 0. 1 ^ z ^ 5 , 2 ^ 
w^7. £>-C\ 9 ^ (x+w) , 5< (y + z) ) 

• ^6 0 0-8 5 O^^SSIBffl^JP^a-f Swt*«F 

tR t -r % m^m i ia*©#±« - m - * * 

r«bfe3f 6 1 HaftH 3 |B«Q#fr-fcg-»-7Kp 
• [#«MfiE2] 
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»|jE3t»*B*] 0 0 0 1 
[0 0 0 1] 

Br, 1 0 kG£U:i, MfiiMSIii H 

C> 3. SkOej^ii^U -t^te*. 

(BH) max*S*#<, J_0, BSfltttUl 

[*&jE*f*JSB*l 0 0 0 6 

[ooo-6] 36«f, W^)ilttffti:M^b^oi* 
Hi i r 5#fc< v **>;fc«>#±JHi: UN d £ 

[fl«I4] 

WKOtftSB*] 0 0 0 9 
[ttuE^fe] 

[0 0 0 9] r<£>N d^£>ft±fi: 

8£t±*g£ Lt±EWaFe«b c c F e £r c3 <t F e 
3 B^Fe 2 BSr£4>»£asfcS 0 Ht*EU — JKKSB 
«^SB r^l0-13 kGi:SSl^S»«* i H c (1 
i^*3. 5 kOe*j»ifi:V^©"Cfef9, — JR 

i H c 3&S 3 . 5-7. 7kOetlt»il^ 
2\ 8IS«3£SgB r # 1 OkGtSOTT'fo^t^ 

e ^£tt^T{£i^k^T*fo& 0 
[fiIIE5] 

[«IES***S«1 0 0 10 

[ooio] i:5-e, ft±SS-ft-2Rni^»a^A 

£3£tt«0«^J&>5>, a§B*8«B r iHcW 
r^lOk GfiJLt* i H c j&S'3 . 5 k O e 

l^WtffiiE6] 

[«jE*t*3aa*i ooi8 



WfiE#ifc] «JE 

[0018] #3swra\ iSv^ssaajRassB r 

fc ifctttt*»fefettfl i He fcfrWU 

(BH) maxiS*t<, J_o x B&tt 

[#ttttjE7] 

[*KE#ft*«4] -R«fB* - 

[*IES*ft«a*] 0 0 2 1 

[0 0 2 1] *fc, ^R r F e ^rw 



Co y M ; B V «B L . Rte. Nd t Pr, Dv 



y-2-W- 
. Tb 



Mft. Ti. V. Cr. Zr, Nb. Mo, Hf. T 

a. W, Mn . Cu, Ga. Ag%U*S i fl*kg|tf;ft,fc 

tlW^tX 5^x^10, 1. 0<v^9. 0. 0, 1 
^ z ^ 5 . 2 ^w< 7. fl>p, 9 S (x+w) . 5< 
(v+z) ) X*&to*frZll&f&f>>ht£&1k+m-&--7$ 

100-x-y-z-w Co y M z B w (fiU Rfl Nd, P 
r,Dy, TbMC e ^feStf Jxfcft±3S5c*0— S 
XttrSEJl±, Mtt. Ti, V, Cr, Zr, Nb, M 
o, Hf, Ta, W, Mn N Cu, G a, AgMS i 

^baatLfcTu*^— a^ttra£jL±. x, y, z&t; 

w te N ^tlfnifit^ 5^x^10. 1. 0 ^ y ^ 
9. 0, 0. 1 ^ z ^ 5 , 2^w^7. ^O, 9 ^ (x 
+ w) , 5< (y+z) ) -CXfo$ix3»fifc«'&ift5 

liU ft^T\ Rft»Sll*Sr6 0 0-8 5 O'COiB. 

m^rnxmrntm-t s^t^^ awe* ±s - « - * 

[^MlES] 

[*E*t$*B£] 00 2 2 

mtthi sex 

[0 0 2 2] *»1BW:. affiB&*±a-ft-3Rn 

its e> ttsa^^^^^ffj 

[#«*BE9] 

was 

HiiE«*q[B*] 00 3 1 

[0 0 3 1 ] MH, Ti, V, Cr, Zr, Nb, M 
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5 

o, Hf, Ta« W, Mn, Cu, Ga, A g 2k.TfS i 
d2 F e 14B 1 MaE*-fim^f9^t.^?)S!ai±^fB+@0 

c c F eMwJlbtMiWlM^tftltt^fatl 

[-WcttlElO] - - 

lffijEtt£P%g&] 0 0 3 3 

[ttiEi*^] 

[00 3 3] MTcSigcoJrte 0 . "9 . 

L < ft 0 . 2 =S z S 4, i*)ffiL<B0. 3 ^ z S 
3. 5ffc5„ l*M<D#-&(^tt, {*^rorR]±S!l^l- 

[¥tt*l 1] 

[*|jE*rtfe«B4] 00 3 5 

[0035] B ft, Nd 2 F e 14B j MaE^ a B B^3g B H a*> 

5, ^(OmXt, 2SwS7T'fe9, Sf £ L < 2 . 5 & 

Nd 2 Fe 14 Bi SE**3Ki^S*>"s>'fc?»S!JK1±ifeA*B 
COWitiA^^F^ir^O, iHc£3. 5kOet4?> 

SB r co(STSrffl<o 
[^fcffi 1 2] 

[«E*f*#«^] mmm 

[HKEfcrtPSB*] ' 0 04 0 

[0040] &«H±#£fttl IS. 8-20 BH?-%g?iBr+. 
3] 

[ftjE*ttft£g«] 0 04 6 

[*jE2f&] 

[ttJE£Df*9^] 

[0 04 6] ©:iKttfe#a^t-li. a F e , bccFeS 

Xfzhbb±KMk<D®m#-£LMz-&g&lF e 3 B, F 



e 2 B. ZtlbhMbnm&tt; Fe 2 Zrfcif 

OF e tMi:O^JRra{k-g-^!6S^ffiiaWl-fc5VMiKit 

i^mrn 14] 

was 

WfiE#**H*] 0 06 3 

- [*jE*«fc] *x - 

[0063] crr% &a>ft&&imbtt > xtmtfnc 

[#i^* 1 5 ] 

20 HtIE*r&JgI£] 0 0 6 5 

[0065] #e,itfci&ft®@^03igfi'fkrofcii»ro*nfi 

jfifite, — JKCHu 6 0 0- 8 5 O TCtOfflgaEB-Cfe 
5. eOOlCaroi^tt, Nd 2 F e 14B 1 m<DjEX 

**iis*a>&ft5a«tt«Sfitt**+»ww*i', 3. 5 

kOe^±ro^:«^>a5#b^<CV\ 8 5 OlCSrIgiSJi 
aFe. b c c F e&XXf^thbtMkOimt&fa 

[fiiie] 

[*!E*f*^Si6] 0112 

[0112] mmm 1 ~ 1 8 . vasm 1 ~ 9 
[#^« 1 7 ] 

HtE«*JSB*] 0 114 

[0114] *<D'&m. a F e Sr#tfft«tt^fitB* s ± 
iSfi+Bt-*!- L 6 0 ~ 7 5 SfB% (DcflStfe^fifflro 5 *>, 
so ^njjSKJt-Wffi-f-^F e 3 BffiSr-g-tr^tt^Bltili, 
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fcot, Nd 2 F e 14B x &^tfBE«Bttil6*ffi36 s ^i|gffi" 

9, CtLbfefitaolftSitt, — R7cMffl»^frSr l 0 0 
K«%fci-5i^JM&IBfc»L9 0-9 5S«%<£>46 
Itfcofc. HEoT, tt«tt#fi«tffitt:* 5-1 OSS 

8] 

■nijE#»wH«i mm*- - 

[«jE»**B*] 0 125 
[0 12 5] 



£iHc«:*U t©a*, a*^*^*-* (BH) 

[^Mffi 1 9 ] 

HfjE#&9S«] 0 12 7 

lffiIE<DF*9S] 

[0 12 7] M-^-^M^ffiS^a-tt-sSo^* - 

iiiiHc^u *©3e*. a*^*^*— « (b 

ttfg^V K«£&i LT&^ L^fcorCifeSo 



